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1 .  Problem  studied 

This  research  is  aimed  at  developing  new  techniques  for  the 
characterisation  of  sub-micron  defects  in  semiconductors  by  electron  beam 
methods. 

2.  Summary  of  main  results 

2.1  In  collaboration  with  the  Berkeley  Physics  Department,  calculations 

for  the  electronic  band  structure  of  dislocations  in  silicon  have  been 
published  (  ^  ).  These  line  defects  degrade  the  performance  of  many  real 

semiconductor  devices. 

2.2  The  degree  of  atomic  roughness  at  interfaces  between  Ga^Al^_j^As 
multilayer  films  has  been  determined  by  atomic  resolution  transmission  electron 
microscopy  (  1  ). 

2.3  The  "EXELFS"  (Extended  Electron  Energy  Loss  Fine  Structure)  technique 
has  been  developed  and  a  new  technique,  in  which  the  local  environment  of  a 
particular  atomic  species  is  probed  in  a  particular  crystallographic  direction 
(5* )•  This  technique  provides  similar  capabilities  to  the  synchrotron  EXAFS 
method  (with  similar  count  rates),  but  can  be  applied  to  submicron  regions  and 
recorded  in  conjunction  with  an  atomic  resolution  image. 

2.4  High  resolution  Images  of  semiconductor  surfaces  have  been  recorded 
for  the  first  time  by  reflection  electron  imaging  at  lOOkV  (/O).  This  new 
technique  provides  information  unobtainable  by  any  other  method. 

2.5  Incommensurate  lattice  modulations  have  been  observed  by  direct 
atomic  resolution  Imaging  in  Strontium  Niobate.  The  phase  of  the  modulation 


with  respect  to  the  host  has  been  determined  -  this  is  not  possible  by  any 
other  method  (i^). 

2.6  Microanalysis  by  electron  energy  loss  spectroscopy  has  been  applied 
to  crystals  using  an  electron  probe  which  is  smaller  than  a  single  unit  cell. 
A  variation  of  composition  was  detected  within  one  unit  cell  (^). 

2.7  A  Cathodolluminescence  system  has  been  built  for  a  transmission 
electron  microscope.  This  device  obtains  the  optical  emission  spectrum  from 
isolated  defects  in  semiconductors  in  correlation  with  a  high  resolution 
transmission  electron  image.  Defects  have  now  been  analysed  in  GaP,  GaAs,  MgO 
and  diamond  (/^).  Spectra  and  scanning  monochromatic  CL  images  are  obtainable 
at  -170°C  with  submicron  spatial  resolution. 

2.8  A  full  analysis  of  the  electronic  structure  of  dislocations  in 
diamond  is  in  progress,  and  will  be  continued  on  ARO  contract  No. 
DAAG29-83-K-0087.  This  study  involves  both  visible  CL  and,  high  resolution 
imaging  and  optical  polarization  studies. 

2.9  A  Fourier  Transform  Infrared  Spectrometer  has  been  designed  for  CL 

studies  in  TEM  This  work  will  be  continued  on  the  new  grant,  and  allow 

CL  studies  on  silicon  and  III-V's  to  be  performed  at  submicron  spatial 
resolution. 
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